Abstract Here, we report on a comprehensive collection of mainly early life cephalopods that were sampled during a research cruise to the Sargasso Sea with the RV Maria S. Merian in April 2015. A total of 2466 cephalopods were caught which belonged to at least 27 species (17 families). The most abundant family was represented by the hooked squids (Onychoteuthidae) with a share of 19.18% of the total cephalopod catch. The subtropical convergence zone (STCZ) was found approximately around 27°N. The STCZ was characterised by a sharp nearsurface temperature gradient and divided the Sargasso Sea into a northern and a southern area. This division was also reflected in the cephalopod community composition. For example, the cranchiid Leachia lemur prevailed in the northern part, and the incirrate octopod, Japetella diaphana, was mainly distributed in the southern part of the study area. Principal component analysis (PCA) and redundancy analysis (RDA) analyses detected a significant correlation between species occurrence and sea surface temperature (SST) as well as a longitudinal gradient with distinct clusters along the five transects from west to east. Ordination analysis (MDS) showed significant differences in the cephalopod assemblages between day and night with midwater forms (Enoploteuthidae, Pyroteuthidae) dominating the night catches, probably due to their upward migration into the top 200 m during the night.
Introduction
During the past decades, information about cephalopod early life stage distribution and abundance throughout the Atlantic Ocean has improved (Vecchione et al. 2001; Diekmann and Piatkowski 2004; Roberts and Van den Berg 2005; Diekmann et al. 2006; Moreno et al. 2008; Roper et al. 2015) . While many of these studies focus on coastal and shelf areas, species abundances and distribution in oceanic regions such as the Sargasso Sea are still poorly investigated , with the exception of a baseline study on cephalopods collected near Bermuda (Voss 1960) .
The Sargasso Sea is famous for its myths around the Bermuda triangle and the presence of the floating brown algae of the genus Sargassum. Located in the western North Atlantic Ocean, and also known as the North Atlantic Subtropical Gyre, the Sargasso Sea is bordered solely by ocean currents instead of land boundaries (Fig. 1) . The Gulf Stream marks the western and the Canary Current the eastern borders. The northern and southern frontiers are marked by the North Atlantic Current and the North Equatorial Current, respectively (Voorhis and Hersey 1964) . Except for the island of Bermuda, the Sargasso Sea does not contain any land masses. Thermal fronts, irregular mesoscale eddies (McGillicuddy et al. 1998) , advective transport of water masses (Palter et al. 2005) , and a seasonal convective overturn
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In its centre, between 20°and 30°N, the Subtropical Convergence Zone (STCZ) is located, a latitudinal band (Voorhis and Hersey 1964; Halliwell et al. 1994) , which separates the northern part of the Sargasso Sea from the southern part. The STCZ is a distinct temporal frontal system, in which colder northern waters meet subtropical southern water masses which affects the near-surface temperature as well as the salinity gradients and results in a more productive, colder northern and a warmer, less productive southern region (Miller and McCleave 2007; Andersen et al. 2011) . During winter, a large water mass of about 18°C which varies highly in expansion and volume, located around 31°N, is ventilated to the surface which extends to the permanent thermocline (Pacariz et al. 2014) . The surface waters begin to stratify during spring also affecting phytoplankton blooms (Riemann et al. 2011) . These seasonal changes occur north, but not south, of the STCZ, which marks the southern Sargasso Sea as an even more oligotrophic area (DuRand et al. 2001) .
The zooplankton community is dominated by small copepods (Böttger 1982) , other crustaceans, chaetognaths, cnidarians (Steinberg et al. 2000) , and pteropods (Wormuth 1981) in the upper 500 m. Copepods and other zooplankton organisms provide an important food source for early life stages of a diverse fauna of meso-and bathypelagic fish such as Gonostomatidae, Myctophidae and Stomiidae (Sutton et al. 2010) , including a variety of anguilliform species (Miller and McCleave 1994) . The Sargasso Sea is also well-known as the only spawning area for American and European freshwater eels, which migrate up to 7000 km from continental waters to spawn and die (Schmidt 1923; Tesch and White 2008; Miller et al. 2015) .
Previous investigations on cephalopod biodiversity in the Sargasso Sea revealed shifts in species richness across the STCZ, with significantly higher levels of cephalopod diversity north compared to south of the temperature fronts . Those differences were linked to lower SSTs as well as higher net primary production in the northern part of the Sargasso Sea. The thermal front in the Sargasso Sea seems to represent a pronounced faunal boundary concerning cephalopod abundance and diversity, restricting certain species occurrences in the southern or northern parts .
The central objective of our study is to identify how the STCZ and its hydrographical features affect composition, diversity and distribution of cephalopod communities in the Sargasso Sea. We put a special emphasis on the species assemblages north and south of the STCZ and covered a much larger study area to achieve a higher resolution than in the former study by . Furthermore, we wanted to find out how the spatial distribution and diversity of cephalopod species changed over the last 20 years. As cephalopods represent one of the major macroplankton groups in the Sargasso Sea, we wanted to show how the different physical parameters of the STCZ, mainly SST, affect their abundance, distribution and diversity. Our study will represent the most comprehensive analysis on the distribution patterns of early life cephalopods in the Sargasso Sea and will be compared to other subtropical and tropical oceans.
Material and methods

Sampling
Sampling was conducted from 1 to 26 April 2015 during a cruise of the German research vessel Maria S. Merian (MSM 41). The survey consisted of a total of 49 sampling stations along 5 meridional transects spread across 8.5°of latitude (Fig. 2) in an area ranging from 22°to 31°N and 58°to 70°W. Cephalopods were collected using an Isaacs-Kidd midwater trawl (IKMT) with a 6.2-m 2 mouth opening, a length of 10 m, and 0.5-mm mesh size (Hydro-Bios Apparatebau GmbH). The IKMT was deployed using double-oblique tows with maximum depths of 300 m during night and day. In total, 26 stations were sampled at night and 23 stations during daytime. A total of 10 additional hauls were conducted using an IKMT with a 13.5-m 2 mouth opening and 5-mm mesh size down to 1000-m depth at selected stations of each transect to catch larger plankton organisms usually during daytime or dawn (Table 1) .
Temperature, conductivity, and depth (CTD; Sea-Bird Electronics Inc, USA) profiles were recorded to depths of either 500 or 1000 m at each station where the IKMT was deployed. These data were used to plot hydrographic sections and to examine the locations of the temperature fronts that occurred in the STCZ (data analysis with Ocean Data View, Schlitzer 2016). Daily SST data were downloaded from the Group for High-Resolution SST (GHRSST, Stark et al. 2007 ). The location of the STCZ was taken as the geographical location of the surface expression of the 22.5°C isotherm (Friedland et al. 2007 ). For planning and preliminary analysis, the location of the temperature band of 22-24°C was used.
During the cruise, all cephalopods were quantitatively sorted from IKMT samples, counted, measured (dorsal mantle length in mm), and identified to the lowest taxonomic level possible (Sweeney et al. 1992; Vecchione et al. 2001; Zaragoza et al. 2015) .
Data analysis
Densities (n/10 4 m 3 ) of all cephalopod taxa were calculated for each station for further multivariate data analyses. Prior to analyses, species densities were fourth root transformed in order to smoothen the dominating effect of the most abundant species (Field et al. 1982) . To test for normality in the transformed data, Shapiro-Wilk's W test was applied, and post-hoc Tukey honest significant difference (HSD) tests were used to compare the means of the different sampling sites. For descriptive statistics, the Shannon-Wiener diversity index (H′; Shannon and Weaver 2015) was calculated. Using the Primer-E software (Version 6, Clarke and Warwick 2001) , patterns in the community structure were analysed by multivariate techniques: analysis of similarity (ANOSIM, Clarke and Warwick 1994) and similarity percentage routine (SIMPER; Clarke and Warwick 1994) . If species identification was not possible, individuals were grouped to higher taxa (usually to the family level). Specimens that could only be sorted as unidentified Teuthoidea (Teuthoidea indet.) were excluded from the analysis. Classification of the samples was conducted by hierarchical agglomerative cluster analysis using the group-average linking method and ordinated using non-metric, multi-dimensional scaling techniques (Kruskal 1964) . The BrayCurtis measurement was used as the measure for distance (Bray and Curtis 1957) .
Similarities in cephalopod community compositions were investigated with principal component analysis (PCA) conducted with the software R 3.0.2 (R Core Team 2008) for statistical computing and the related package vegan (Oksanen et al. 2015) . Prior to analysis, species abundances (n/10 4 m 3 ) were fourth root transformed and a chord distance transformation was applied (Legendre and Gallagher 2001) to avoid the so-called double-zero problem.
In order to examine the relationships between environmental factors and community composition, redundancy analysis (RDA) was applied (Legendre and Gallagher 2001) . RDA is a linear eigenvector ordination technique related to PCA, which constrains the axes to be linear combinations of explanatory variables. Since not all the potential factors influencing the species composition could be quantified and included in the canonical analysis, RDA was performed as an add-on to the PCA. Only catch time, longitude and SST were used as environmental variables and results are shown in triplots. Other factors such as zooplankton volumes, chlorophyll or oxygen Further explanations in material and methods section concentrations were not included in our analyses, because they had not been regularly measured during the cruise; salinity showed no effect in the triplots. The significance of the strength of the relationships between the samples was investigated by Monte Carlo permutation tests, including the test of the null hypothesis of independence between the two data sets with the canonical eigenvalues.
Results
Oceanography and cephalopod abundance
Two temperature fronts were measured. The northern front, around 30°N, was marked with a surface temperature of 22°C, the southern front (at approximately 27°N), exhibited a surface temperature of about 24°C. The maximum SST of 26.55°C was measured at station 27 (30°N, 23.5°W). The lowest SST, 20.82°C, was measured at station 39 ( Fig. 2 ). Surface salinity was always around 36 practical salinity units (PSU) with little variation. In total, 2466 cephalopods belonging to 17 families were collected. Total catch numbers, relative percentage of total catch, mean density, and size ranges of all taxa are summarized in Table 2 . Geographical distributions of three exemplary taxa, occurring mostly either in the northern area (Leachia lemur), in the southern area (Japetella diaphana), or throughout the whole region (Helicocranchia sp.) are represented in Figs 
Taxonomic composition
About 98.71% of cephalopods, deriving from both nets, belonged to the order Teuthoidea; the remaining 1.29% were octopods. The most abundant taxon was the family Onychoteuthidae, comprising 19.18% specimens, followed by Cranchiidae (16.18%), and the Ommastrephidae (16.01%). Other abundant families were the Pyroteuthidae (11.52%), Enoploteuthidae (8.84%), and Lycoteuthidae (6.53%). Only early life stages that allowed an appropriate identification were analysed. Therefore, 9.68% of the early life stages were identified as Teuthoidea indet., mostly due to their poor conditions. The contribution of other families to the total amount ranged between 0.04 and 2.88%. Less abundant families were Lepidoteuthidae represented by one specimen of Lepidoteuthis grimaldii and Vitreledonellidae with a single record of Vitreledonella richardi. Concerning the octopods, 25 of 32 collected individuals were identified as Japetella diaphana (Table 2) . . The highest number of species was observed at station 49 (31°N), with 80 specimens belonging to 20 different taxa. Concerning diversity, the highest was observed at station 37 with 60 specimens of 19 species (H ′ = 2.81). Detailed information on specimen number, species richness, and diversity for each of the 49 sampling sites is provided in Supplementary Table 1 .
Concerning the latitudinal range of sampling sites, the highest mean density (15.41 ind./10 4 m 3 ) was observed at the latitude of 31°N (Fig. 6a) . The lowest density occurred at 25°N with a mean of 5 ind./10 4 m 3 (Fig. 6a) . Species richness showed a similar pattern with mostly decreasing values from north to south (Fig. 6b) ; the pattern of species diversity showed an inverse trend (level of significance ** = p < 0.01, *** = p < 0.001; Fig. 6a The results of the explanatory SIMPER analysis explain which species/taxa are responsible for the differences between sampling sites and are represented in Supplementary Table 2 . Striking is the absence of Japetella diaphana from the northern and central areas as well as the absence of Leachia lemur from the southern area.
Principal component analysis
The chord distance-based PCA of all sampling sites, except for station 1, produced two axes that represented 37.72% of the variance in the samples (Fig. 7) . The first axis was positively related to the species Helicocranchia sp. as well as to the families Enoploteuthidae, Octopoteuthidae, or Onychoteuthidae and negatively related to Ancistrocheiridae. Positive loadings along the second axis were, for example, measured for Japetella diaphana, Brachioteuthidae, Ommastrephidae, or Chtenopteryx sicula. Negative loadings were recorded for Mastigoteuthis sp., Pyroteuthidae, and Leachia sp. which formed one distinct group, as well as Octopoteuthidae and Enoploteuthidae.
PCA results for the scores (sampling sites) showed a group of stations belonging to the first north-south transect of the Pyroteuthidae indet. 153 0.54 6.36 1-6 1 < 0 . 0 1 1 . 6 7 9 Thysanoteuthidae study area and an ordination pattern of stations of the third transect (Fig. 8a) . Referring to the latitudinal distribution of the sampling locations, three areas were distinguished in relation to the convergence zone: a northern, southern, and a central part. Species assemblages of northern and southern stations with stations of the central part grouped in between could be detected according to the PCA results (Fig. 8b) .
Canonical ordination (redundancy analysis)
The environmental variables SST, sampling time, and longitude explain 23.91% of the variance. The first three constrained axes (RDA1, RDA2, RDA3) explain 10.82, 6.71, and 3.99% of the variance, respectively. The variance explained by the first unconstrained axis (PCA1) is 11.41%. Latitude as an environmental factor showed no correlation in the RDA. A permutation test for community data revealed significant relationships between the environmental factors and species assemblages (ANOVA. p < 0.01). As for the longitudinal (east-west) distribution, the occurrence of Onychoteuthidae at the eastern stations (67°to 70°W) could be visualized by RDA as well as several families and species (Histioteuthidae, Chtenopteryx sicula, Lycoteuthidae) that built one group that was more abundant at stations west of 61°W. The explanatory variable sampling time and the family Pyroteuthidae were negatively correlated with axis 1 (Fig. 9) . SST showed the highest significant correlation; the results of the RDA are summarised in Table 3 .
Comparison of day and night trawls
In total, more species and specimens were caught during night than during day hauls (Fig. 10) . Wilcoxon rank sum tests for Total cephalopod catch in numbers (N); mean density of taxon (N/10 4 m 3 ); percentage of total catch (Rel. N in %); size range of cephalopods (mm dorsal mantle length). Numbers of higher taxa only include specimens that could not be further identified unpaired data showed a highly significant difference between the two sample times for the number of specimens (p < 0.001) and a significant difference concerning species richness (p = 0.003). The median Shannon-Wiener diversity index was slightly higher for the night hauls, but not significantly (Wilcoxon rank sum test, Fig. 10) .
The MDS ordination plot shows a separation between day and night stations. Family assemblages of the different catching times are grouped together (Fig. 11) . ANOSIM indicated a significant difference between day and night hauls (R = 0.116, p value = 0.008 ** 1 ). Concerning the species composition, differences between day and night trawls could be observed for the Pyroteuthidae. Individuals of this family made up 13% of the total amount of individuals caught during night and 7% of the day catch. The contribution of the family Pyroteuthidae to the differences in catching time was also shown by exploratory analysis (SIMPER). The families Lycoteuthidae and Enoploteuthidae were also more abundant during night than day time and strongly contributed to the differences in family composition Supplementary Table 3 .
Discussion
Cephalopods -their role in the Sargasso Sea
In the Sargasso Sea, cephalopods and especially their early life stages form the bulk of the oceanic micronekton/ macrozooplankton, together with euphausiids, decapod shrimps, and early life fishes (Roman et al. 1993) . Despite their essential role in pelagic food webs, our knowledge on the cephalopod fauna of the Sargasso Sea is still very poor. Our study reports on the most comprehensive dataset of cephalopods that was collected in this area. Understanding the distribution and diversity of cephalopods of the Sargasso Sea is important for several reasons.
First of all, in marine habitats that are rapidly changing, all taxa need to be valued and preserved (Tittensor et al. 2010) . Especially the pelagic ocean remains widely unexplored and detailed ecosystem-related studies are lacking (Angel 1993; Webb et al. 2010) . Thus, the present study will supply new information on the number, distribution, and diversity of cephalopod species of a major sub-tropical ocean. Secondly, the distinctive hydrographic features of the Sargasso Sea largely characterize diversity and distribution patterns of the cephalopods. In an earlier study that was based on a much smaller dataset (909 specimens, 13 families, 20 species), density and diversity of early life cephalopods in the Sargasso Sea decreased from north to south . This observation was particularly pronounced for the cranchiid squid, Leachia lemur, whose distribution was clearly affected by the STCZ, with a distinct density decrease south of the STCZ . Such a clear trend in an increasing of cephalopod density and diversity towards stations north of the STCZ was not observed in the present study area. Due to the higher number of longitudinal station transects, however, which covered a much larger area from west to east across the Sargasso Sea, we noticed a slight trend of increasing cephalopod species number and density towards the eastern range of the study area (Fig. 6b) .
Life in the Sargasso Sea
Within the Atlantic Ocean, the Sargasso Sea has been described as a Bcross-road^, with the endemic algae Sargassum functioning as a feeding area for some species and a migration route for other species (Laffoley et al. 2011) . Although the Sargasso Sea has been referred to as an oceanic desert, an oligotrophic, low productive ocean with low biomass (Menzel and Ryther 1960) , plankton communities in the Sargasso Sea are generally known for exhibiting high growth rates which are mainly restricted to the northern area (Jackson 1980; Goldman 1993) . Abundance and species richness for several taxa, e.g. copepods (Deevey and Brooks 1977; Roman et al. 1993) or mesopelagic fishes (Backus et al. 1969; Jahn and Backus 1976) , generally decrease in a north-southern gradient. In April 2015, it was striking that phytoplankton densities were highest at 120-140-m depth and not at the surface (personal observations of M. Kaufmann, University of Madeira). The very clear water of the Sargasso Sea could be an explanation because sufficient light reaches the epipelagic zone, which allows production and thus nutrient availability even at deeper layers (Menzel and Ryther 1960) . During the MSM 41 cruise, the surface waters were dominated by cyanobacteria at the southern stations between 24 and 22.5°N.
1 Level of significance * = p < 0.05, **= p < 0.01, *** = p < 0.001 Those bacteria use molecular nitrogen from the atmosphere as fertilizer for growth instead of nitrate, which is an explanation for their success in the commonly nutrient-poor Sargasso Sea (Hanel 2015) . Steinberg et al. (2012) describe a positive correlation between zooplankton biomass and SST, as well as a negative correlation between biomass and the water mass at 300-600 m for the Sargasso Sea. Zooplankton concentrations are lower than in other oceanic regions such as the Southern or the Indian Ocean (Nair et al. 1981; Pakhomov et al. 2000) .
Cephalopod density in our study was generally less than in regions of the eastern subtropical Atlantic Ocean (Diekmann and Piatkowski 2004; Moreno et al. 2008) . However, species richness was comparable to other Atlantic regions such as the tropical waters off north-eastern Brazil (Haimovici et al. 2002) . One explanation might be that these more productive areas can support larger populations in the euphotic layers. Due to their pronounced diurnal migration, with an upward ascent during the night, many oceanic cephalopods are capable of occupying a larger area within the surface waters of the Sargasso Sea.
Effects of hydrography on cephalopod distribution
In the Sargasso Sea, cephalopod densities showed a general tendency to increase towards the northern latitudes, with lower SSTs (Fig. 6a) . In particular, the cranchiid Leachia lemur was mainly collected at stations north to the STCZ (Fig. 4) which agrees with observations by . Other faunal groups have also been reported to exhibit a similar distribution related to the STCZ. For example, greater species richness of mesopelagic fish (Backus et al. 1969) or copepods (Colton et al. 1975 ) have been reported for areas north of the STCZ, whereas leptocephali distributions seem to decrease (Miller and McCleave 2007) . From the mapping of RDA sample scores, it can be assumed that cephalopod species assemblages at southern stations were more sensitive to changing SST than at northern stations (Fig. 9) . Another explanation for the increased cephalopod density at the northern stations could be the retention of plankton biomass including cephalopods in eddies (Condie and Condie 2016 ) that could be produced by the easterly flowing Gulf Stream and North Atlantic Current and which could be transported into the area of the northern sampling stations. In contrast to the pattern discussed above, the octopod, Japetella diaphana, showed a general , species richness (number of species/taxa), and diversity (Shannon-Wiener index H') of stations grouped according to latitude (a) and longitude (b). The central box indicates the interquartile range. Significance levels according to Tukey's HSD post-hoc test (** p < 0.05, *** p < 0.001). Further explanations are in the text tendency of increased density towards the southern stations. It occurred mostly in the southern part of the STCZ (Fig. 5) which clearly showed higher surface temperatures (up to 24°C) than the northern part of the STCZ (22°C). RDA results showed a positive correlation between surface temperatures and species assemblages, which indicates that most of the cephalopods preferred warmer water masses (Fig. 9, Table 3) .
A longitudinal gradient forming distinct clusters across the five transects from west to east was supported by the PCA results (Figs. 7 and 8 ). Several groups, e.g. Onychoteuthidae, Ommastrephidae, Enoploteuthidae, Cranchiidae (Helicocranchia pfefferi), or the comb squid Chtenopteryx sicula, were highly abundant at the first transect. In particular, station no. 5 at the southern edge of the STCZ showed an increased species diversity, as well as increased species abundances. In the western central Atlantic, it is assumed that the Gulfstream acts as a transporter of early life cephalopods. Thereby, eastern central Florida shows the highest cephalopod species richness in the western central Atlantic (Judkins et al. 2010 ).
An association of different cephalopod families with characteristic water masses has also been shown in the Pacific Ocean, where an increased abundance of Pyroteuthidae in subtropical water masses and of Enoploteuthidae in tropical waters has been observed (Bower et al. 1999 ). In the Sargasso Sea, PCA revealed a cephalopod assemblages consisting of Pyroteuthidae, Mastigoteuthidae, and Leachia lemur that was typical for the northern part of the STCZ (Figs. 7 and 9 ).
Cephalopod abundance and communities
In this study, a typical oceanic cephalopod community was found, that was dominated by several taxa of the families Onychoteuthidae, Enoploteuthidae, Pyroteuthidae, Ommastrephidae, and Cranchiidae. Similar communities with the same dominant families are known from other tropical or subtropical oceanic regions like the southwest Indian Ocean (Laptikhovsky et al. 2015) , the Arabian Sea (Piatkowski and Welsch 1991) , the Hawaiian Island waters (Bower et al. 1999) , or off north-eastern Brazil (Haimovici et al. 2002) .
The most abundant cephalopod group was the Onychoteuthidae with two co-occurring forms, Onychoteuthis banksii and representatives of the species complex Onykia carriboea. It is quite likely that more than two forms occurred. Further genetic analysis (barcoding) should help understanding the species diversity within this family, which is one of the most abundant cephalopod groups worldwide with many taxonomic unclarities (Lischka et al. 2016) . Representatives of the Ommastrephidae were also abundant in the samples which supports results of other oceanic regions like the Hawaiian waters (Bower et al. 1999) , the central Arabian Sea (Piatkowski et al. 1993) , and the waters off western Iberia where early life Ommastrephidae were the most abundant oceanic representatives which occurred between 50 and 300 m (Moreno et al. 2008) .
RDA indicated the occurrence of ommastrephid early life stages in the surface waters (Fig. 9) , which underlines their high abundance in upper water layers like it had been shown also for Fig. 2) ommastrephid early life stages that occurred in extremely high densities in the Pacific Ocean close to the surface 740-900 km off Central America (Vecchione 1999) . Even if in our study stratified sampling has not been conducted, the results suggest the prevalence of ommastrephid early life stages in surface waters.
Studies from the Gulf of California (De Silva-Dávila et al. 2015) identified the same families like the present study, except for the Gonatidae, a family with many representatives in the Pacific Ocean that was not found in the Sargasso Sea samples. This is especially striking, because Gonatus steenstrupi is a common squid along the northern mid-Atlantic Ridge, northeast of our sampling area . Within the Sargasso Sea, Pyroteuthis margaritifera dominated the Pyroteuthidae, whereas in the Gulf of California, Pterygioteuthis hoylei dominated this family (De Silva-Dávila et al. 2015) .
In the study from the Hawaiian waters (Bower et al. 1999 ) in which 57 species belonging to 21 families were collected, the diversity was higher than in the Sargasso Sea; also, the sampling effort (more sampling stations) yielded many more cephalopods (n = 10,375 specimens). The species assemblages around the epipelagic waters around Hawaii were similar to those described from the Sargasso Sea, with analogue densities of major groups, and with similar genera such as Abraliopsis, Ancistrocheirus, Brachioteuthis, and Chtenopteryx sicula. The most numerous species were Ommastrephes bartramii (18%), Pterygioteuthis microlampas (15%), Chtenopteryx sicula (8%), and Onychoteuthis compacta (6%); similar forms like in our samples.
Rare species
Some species, like members of the Octopoteuthidae, were collected in small abundances. Specimens were mainly identified as Taningia danae or Octopoteuthis sp. One specimen of Lepidoteuthis grimaldii occurred (Table 2) , which is the only species within the monotypic family of the Lepidoteuthidae. It is the first record of this species from the Sargasso Sea yet. However, if these species are truly rare, meaning widely distributed with patchy abundances , or poorly sampled, remains unclear.
Diurnal variance
Significant differences between day and night catches were observed for the cephalopod assemblages and highlighted by MDS (Fig. 11) . The median density highly increased during night as well as the median species richness, for which the difference was slightly lower between day and night samples. Differences in the Shannon-Wiener index (H′), which was used as a diversity measure, were also lower during day hauls. That was probably attributed to the upward migration of cephalopods from layers below 300 m into the surface layers during night which then increased the diversity. Many mesopelagic cephalopods, like Pyroteuthidae, are known to perform vertically upward migrations; they stay in deeper waters during day and ascent to the epipelagic waters during night , species richness (number of species/taxa), and diversity (Shannon-Wiener Index H') of stations separated into day and night stations. The central box indicates the interquartile range. Significance levels according to Tukey's HSD posthoc test (** p < 0.05 mean density, *** p < 0.001 species richness) SST showed highest correlation with axis 1 (Roper and Young 1975; De Silva-Dávila 2013) . Reasons for diurnal migration are predator avoidance as they are less exposed when light conditions are poor, and increased feeding opportunities, because prey concentrates in the surface layers during night time. With integrated sampling (300 m), assumptions about depth occurrence of cephalopods was made by comparing day and night hauls. SIMPER analysis showed that species bearing light organs, such as Pyroteuthidae, Enoploteuthidae, and Lycoteuthidae, mostly contributed to the differences concerning day and night distribution (Supplementary Table 3 ). For example, the enoploteuthid Abralia veranyi uses its light organs for counter-illumination. Thereby, the ventral side of the mantle is covered with photophores that impede the detection from predators hunting beneath the squid with incident moonlight. As photophores are usually dorsally lacking, squids are also camouflaged concerning hunting by predators above (Herring 1977) . The influence of diel vertical migration during night time on cephalopods bearing light organs was also shown in the RDA results (Fig. 9) . Thereby photophore-exhibiting species were closely grouped with the environmental variable Bnight time^. It has to be kept in mind that net avoidance behaviour can lead to misinterpretation of day and night catches. Species occurrences are interpreted as diel vertical migration, but can also be a result of visual net avoidance during daytime (Ianson et al. 2004 ). Nevertheless, the SIMPER analysis results strongly support the assumption that differences between day and night catches are due to vertically migrating species.
Conclusion and outlook
Our data provide the most comprehensive data set of cephalopod density, diversity, and distribution patterns in the Sargasso Sea. Due to a large extension of the study area to the east, we have covered a much wider region than previous studies by . We also recorded a higher number of cephalopod species in the region and supplied a more detailed description of the cephalopod assemblages that were distributed in the northern and southern parts of the subtropical convergence zone. PCA and RDA techniques were applied to test the findings and showed significant correlations between species occurrences and SST as well as correlations to longitude. Multivariate data analysis (MDS) provided distinct cephalopod assemblages, mostly attributed to day/night differences. The study increases the scientific knowledge on distribution and diversity of oceanic cephalopods and largely contributes to the studies of marine biodiversity.
Our results were mostly based on non-stratified net sampling that reached from the surface waters to a depth of 300 m. We suggest that future investigations should sample in (a) a stratified fashion to cover different depth layers and to enable the description of vertical migration patterns of cephalopods, (b) to sample deeper than 300 m due to the absolute lack of cephalopod recordings in the deeper layers from the Sargasso Sea, and (c) to make use of underwater video systems and remotely operated vehicles (ROVs) to record more precise and fine-scale cephalopod distribution patterns and direct observations on the behaviour of oceanic cephalopods in the Sargasso Sea and other oceanic regions. The present study shows a relatively high biodiversity of cephalopods in the oceanic surface layers (0-300 m), from which we can assume that the deeper water layers of the Sargasso Sea accommodate a rich and unique cephalopod fauna that has yet not been discovered. 
